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"POLYETHYLENE FILMS FOR PACKAGING » 

Tb, preaen, invention „ eIaaic fl^ — fc ^ 

aurtaMe for packaging. More particularly, ft reUtes ,0 films and bending ^ 
Polyokfin m*e*, a comprising . blend of w density 

amounfa of ltaear polyethylene, oopoljrmera and mmor 

tJT tlr y itemS ° f C ° mmSn:C *" «• and sale 

-~ - — atakcd item an but a few of such 

«ama. Bandrng .apea mua, ran,,*, aecuro dudng shipment and tandUng so CM 
the sufficient pallet stability. y prcmde 

On. way to bsnd or bundle , tems b by ^ polyprop ^ ne „ 
Howovar. the narrow width oftt. ^ ^ ^ppurg tapes, 

unsuitable to comoUdatc items tnta nail tt a ■ =""0^- The strap can be 

atnm do.* „„, • , ^ "ffch.th.eaM of email items became the 

strap does not involve every item. rac 

pnnt trademarks and other nieces of i«fnr». a «j- . wnereto 

mexteungptnp^. ^ ^ » » very serious fawb^k &r 

The Applicant haa now discovered an elastic film and an elastic b a „*„„ .. 

rrrrr- Ueh — - — — *— 

-P= of*' I*— invention haa 4. advanmge ft* can be produced with 

^ 7 *■ * ^ "« *• — «** K — <~> n« have me above-me^ 
dnnvbaete that an typically of the straps. mennoned 

pr.^ ^ 0fU,C ^ * — aoao quft e good optical 

Therefore, me present invention provide, an elastic fflm or „ ch5tic bandinB _ 
comprtsmg a poller blend (A) comprising (p ereait bv ^ . ^ '" U "" nB ** 9 

I) 50 tn _ 



50 to 70%, preferably 60 to 70%, of an ethylene nolvm^ l„ • - 
from f n e tlivl a n«««ii P ^ Com Pnsing an ester selected 

from (D emonically unsaturated organic monger of este* of unsaturated C 5 -C 20 
monocarboxyhc acids and C, to monovalent alfehatic «r »v ~™™ a C > °» 
vinvl esters B f Mh , Jr n aupnanc or alicychc alcohols, and (2) 

vinyl esters of saturated C 2 -C, 8 carboxylio acids, wherein th. 

raging from 2.5 to 8 wt%. preferably 3 ^o 6 5 Zv b d u ^ ^ 

P rerawy 3 to 6.5 wt/&, based on the total weight of the 
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final ethylene polymer, the ethylene polymer having a density ranging from 0.9 to 0.935 
g/mL; and 

ID 20 to 40%, preferably 30-40%, of an ethylene-based polymer component having a 
density ranging from 0.9 to 0.930 g/mL, preferably 0.910 to 0.925 g/mL, and a melt 
flow rate up te 4 g/10 min, preferably from 0.5 to 2 g/10 min; the said component being 
selected from: 

i) a linear polyethylene (i) consisting of ethylene and 0,5 to 20% by mole of a 

CH 2 =CHR o-olefin, where R is a hydrocarbon radical having 2-8 carbon atoms; 
and 

ii) a polymer blend 00 comprising (a) 80-100 parts by weight of a random 
inteipolymer of ethylene with at least one CH Z =CHR a-olefins, where R is a 
hydrocarbon radical having 1-10 carbon atoms, the said polymer containing up to 
20 mol% of CHj=CHR o-olefin and having a density between 0.88 and 0.945 
g/mL; and (b) from 5 to 30 parts by weight of a random inteipolymer of propylene 
with at least one Crfc=CHR a-olefin, where R is a hydrocarbon radical having 
from 2 to 10 carbon atoms, and optionally ethylene, said inteipolymer (b) 
containing from 60 to 98% by weight of units derived from propylene, from 2 to 
40% by weight of recurring units derived from the CH*=CHR a-olefin, and from 0 
to 10% by weight of recurring units derived from ethylene, and having a xylene- 
insoluble fraction a room temperature greater than 70%, 

The film or tape according to the present invention has a ratio between tt,» isi 



tear resistance and TD Elmendorf tear resistance of 0.3 or less. The Elmendorf tear 
resistance is determined according to the method as described hereinbelow. 

Preferably the film (hereinafter the word film also implies the word tape) according to the 
present invention exhibits a value of 2% secant MD tensile modulus equal to or lower than 
130 MPa. 

Typically, the film according to the present invention has a ratio between the value of MD 

" strength at 30% and MD tensile stress at 30% of 0.5. 
The film advantageously has a value of MD normalised residual strength at 30% ranging 
from 7 to 11 cN/um, preferably from 7.5 to 11 cN/um. The said mechanical properties are 
determined as explained hereinbelow. 



As used herein, the phrase "normalised residual strength" is the residual strength divided 
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by the thickness of the film/strip. 

The abbreviation "MD» means "machine direction", and refers to a direction "along the 
length- of the film, i.e., in the direction of the film as the film is formed during extrusion 
and/or coating; the abbreviation "TD" means "transverse direction", and refers to a direction 
across the film, perpendicular to the machine or longitudinal direction. 

Preferably, ethylene polymer (I) is an interpolymer of ethylene with at least one 
comonomer selected from above-mentioned esters (1) and <2), wherein the comonomer 
content is within the 2-8 wt% range. The term "interpolymer" as used herein refers to 
polymers prepared by the polymerization of at least two different types of monomers. Tie 
generic term "interpolymer" thus includes the term "copolymers" (which is usually employed 
to refer to polymers prepared from two different monomers) as well as the term 
"terpolymers" (which is usually employed to refer to polymers prepared from three different 
types of monomers, e.g., an emylene/butene/hexene polymer). 

Alternatively, ethylene polymer 0) can be a blend comprising (a) an ethylene 
homopolymer or Interpolymer of ethylene with at least one of above-mentioned esters (1) 
and (2) wherein the esters content is in an amount from 2 to less than 8 wt% and (b) an 
interpolymer of ethylene with at least one of above-mentioned esters (1) and (2) lh 
interpolymer (b) the content of the ester(s) can be higher than 8 wt%, provided that in' the 
blend the ester content is in the range from 2 to 8 wt%. 

As specific examples of the comonomcrs copolymerized with the ethylene monomer to 
produce ethylene polymer (I), there can be mentioned unsaturated carboxylie acid esters 
represented by acrylates and methacrylates, which include acrylates and methaerylates 
having a linear or branched alkyl group with 1 to about 24 carbon atoms, such as methyl 
acrylate, ethyl acrylate, propyl acrylate, butyl acrylate, t-butyl acrylate, isobutyl acrylate 
pentyl acrylate, isononyl acrylate, hexyl acrylate, 2-methylpentyl acrylate, octyl acrylate. 2- 
ethymexyl acrylate, dodecyl acrylate, methyl methacrylate and ethyl methacrylate; lauryl 
(meth)acrylate and cyclohexyl (meth)acrylate. 

In branched ethylene polymer 00 having low density preferred comonomers which can 
be copolymerized with ethylene include ethyl acrylate (EEA copolymers), butyl acrylate 

and vinyl acetate (EVA copolymers). EBA copolymers and EVA 
copolymers are the most preferred copolymers. 

E * yIene POlymera <™ - "»««» *°«P* of «byl«. p oIynKr3 havtag low 
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density. More specifically, the term "linear polyethylene" used herein encompasses both 
heterogeneous materials as linear low density polyethylene (LLDPE), very low and ultra low 
density polyethylene (VXDPE and ULDPE), as well as homogeneous polymers such as 
metaUocene^atalysed linear homogeneous emylene-«-olefin copolymer resins or mixtures 
of two or more of each of these. 

For example, homogenous polymers are obtainable from the Exxon Chemical Company 
which commercializes them with the trademarks EXACT™ and EXCEED™, metaUocene ' 
catalysed linear homogeneous ethylene-a-olefin copolymer resins obtainable from the Dow 
Chemical Company, which commercializes them with the trademark ENGAGE™ and 







a 


it 



Mitsui Petrochemical Corporation, which commercialized them with the trademark 
TAFMER™. uaaemarK 



w ~ * w ™ ■«« Polygene is obtained by copolymerfcing ethylene 
the above CH 2 =CHR o-olefins where R is a linear or branched hydrocarbon radical with 
from 2 to 8 carbon atoms; the olefin is preferably selected from Hbutene, 1-hexene, 1-octene 
and 4-methyl-i-pentene. Tie most preferable comonomers in'the ethylene copolymer are 1- 
butene, 1-hexene and 1-octene. 



The linear polyethylene used in the present invention is prepared according to known ways 
of polymerization involving the use of coordination catalysts of the "fflegler-Natta*' or 
"Philips" type. For example, it is prepared by copolymerization of ethylene with a C a -C l0 .o- 
olefin in the presence of a Ziegler-Natta type catalyst obtained by the reaction of an 
organometaUic compound of a metal from groups 2 and 3 of the Periodic Table with a 
catalyhc component comprising a transition metal belonging to groups 4 to 6 of the Periodic 
Table. Preferably the transition metal compound is supported on a solid carrier comprising 
magnesium halide in active form. Examples of catalysts usable in the preparation of the 
copolymer are described in U.S. patents 4,218,339 and 4,472,520. The catalyst may also be 
prepared according to the methods described in the US patents 4.748,221 and 4.803 251 
Particularly preferred are the catalysts comprising components having regular morphology 
for example spherical. Examples of such catal yst 3 are described in the European patent 
applications 395083, 553805 and 553806. 

o J^nf™ P ° ,ymer Wend ™ " deSCrfbed in « te ^nal patent application WO 
95*20009. The propylene interpolymer in blend (ii) may be, for example, a copolymer of 

4 
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F - „ — ;WUB w tt «, poiymer or propylene with butene-1. It is preferably a 

terpolymer of propylene with ethylene and a CrCw^otafin. In such a case, the propylene 
content is from 85 to 96 wt%, the ethylene content is from 2 to 8 wt% and the C 4 -C 10 -a- 
olefin content is from 2 to 7 wt%. 

In polymer blend (ii) component (a) is preferably a copolymer of ethylene with 1-butene 
and component (b) is a terpolymer of propylene with ethylene and I-butene. 

The high insolubility in xylene of the propylene interpolymer (b) is indicative of a 
stereoregular structure of the propylene recurring units and of homogenous distribution of 
the comonomer( S ) in the interpolymer chain. The insolubility in xylene, determined as 
described hereinbelow, is preferably greater than 75 wt%, more preferably greater than 85 

The heat of fusion of the propylene interpolymer (b) is generally greater than 50 J/g, 
preferably greater than 60 J/g, more preferably greater than 70 J/g. ' 

The melting temperature of the propylene interpolymer (b) is below 140- C and 
preferably from 120° to 140° C. 

The crystalline index of the propylene interpolymer (b) is generally greater than 50% 
The MFR value, which is determined as described hereinbelow, of the propylene 
interpolymer (b) is generally from 2 to 30 g/10 min. 

The propylene interpolymer (b) can conveniently be prepared using a highly 
stereospecific catalyst, for example, of the type described in patent application EP 395 083 

Polymer blend (ii) can be obtained by firstly blending the components (a) and (b) in the 
sohd state and then being fed into the extruder wherein the two components are mixed in the 
molten state, for example in a mixer with high mixing efficiency. 

According to a preferred method, polymer blend (ii) is prepared by 
polymerization process in at least two reactors in series which, working in any order and 
using the same catalyst in the various reactors, ethylene polymer (a) is prepared in one 
reactor and the propylene polymer (b) is produced in the other. The polymerization is 
conveniently carried out in the gas phase using fluidized-bed reactors. Examples of polymers 
prepared according to the said method are described in patent applications WO 93/03078 and 
WO 95/20009. A suitable catalyst is obtained from the reaction of: 

A) a solid catalytic component comprising a titanium component containing at least a 
titanium halogen bond supported on a magnesium halide in active form and optionally 



— :+-91/rK/9nrR 17;A1 



Fmof .nr.:4R4 P.fll3 



21. MAG. 2003 17:43 BASBLL/INTELLBCTUAL PROPERTY 

(MI6109) 



NR. 0826 P. H 



an electron-donor compound; 

B) an Al-alkyl compound; and, optionally, 

C) an electron-donor compound, 

m27°'71' b T ^ tt "° - Wed by any convenient 

.netted, mototag dry blending to individual compos and subsequent meh-miidne, 
either ctoecdy In the extruder used to make lh B f!l m /«ri„ u . Jr ™ ,KImx,,1 & 

M. befcre making fc film/arip ^ " ffln,/ai,P ' " * »— * * 

«, es (such as stabilizers, antioxidant, antiblocking, slip aaents, cotoun, au,) and fillem 
than an capable of imparting specific Dronertie, .„ » 
may be added to the polymer blend (A). * *» 1— -ention 

forrll ° f T° " ~ ^ ^ "*« ~* ° f *° — ' —«* rf fifm 
fcmung known m me art such as, axttuslot, eo^rudon, biowing and cast and the like. 

u-t Pn " nt inVeWOn ^ b = ""-^ « ^nlayer. However. &r 
b^^TT S " SWP ~*> - .east one skin layer should 

^oTr~, ^ *" PO,ymBr ^ — — - leas. 60 

w.* of the toW muIUeyer swetin,. Preferab.y. the polymer Wend diselosed herein is used 

HT« "OZZ "* " ^ *• ^ ~ ~" — P^ylen. types from 
«* to low density as well as po.ypropyiene types, or blends of ihem, in order * impart 
particular properties al inner or outer face of the film 

constat °T ™ ^ "here each layer of ffln, 

aZT . T,- ~" ^ VO,ymQr Mn ^ n con«n different 

aaaitives. «tah,i, w .^ filler. 



The thickness of the film must a so be considered as it ♦ ,u 

„„„^ . ■ « consioerea as it relates to the recovery force 

exerted by the material upon beine strere..™, tk« - 

elo n ^ , stretched. The recovery force is the force exerted by an 

elongated stnp of material to return to its natural state. The thickness of me film of the 

ZTITZ^^ T ^ - — — are *o m about 



It IT C ° St reaSOnS ' ^ * * ** «"* to Provide adequate tensile 

721*2 L aPPUCati0n ^ *—"» — «■ three layer rtructurc, 

same final tmckness and weight are useful, but each layer distribution may vary from 5 to 
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50% of the total film thickness, and a number of layers are mini, 
5. 



2 to 7, preferably 3 to 



The film according to the present invention can be printable ^ ^ 
TyptcaUy the film has a weight of from 20 to 90 g/m 2 . 

The following examples are given to illustrate and not to limit the present invention 
The data relating to the polymer blends and the strips of the examples are determined by 
way of the methods reported below. «rmmea ey 

- Measured according to ISO method 1 133 (190° C, 2.16 kg); 

- Density; Measured according to ASTM method D-792. 

- fi omonomer content ; Determined by IR spectroscopy 

' E ff a 7 **** \ m * f^ ^glC: 2.5 g of polymer are dissolved in 250 

7/c M V C ^ ^ 20 ^ — * allowed to cool to 

l^^ ~ 0n ; ^ ^ ^ t0 ^ fw 30 ^ ^ precipitate is 
filtered wtfh filter paper, the solution evaporated in nitrogen flow, and the residue dried 

under vacuum at *0* C until constant weight is reached. Thus one calculates the percent 
by weight of polymer soluble and insoluble at room temperature (25° Q 

- Tear resistance ; Measured using an Elmendorf tear tester according r- * "~ - - 
1922, determined both fa machine direction and transversal direction. 

- 2% secant tgngj]g ' " 

'ensile 

-— — ■ ™^r.n : ^eienmnea according the MA 17301 internal 

method avadable upon request The test is carried out on a film specimen cut from a film 
Thefihn has prevxously been kept at 23' C, 50% is the relative humidity, for at least 24 
hours but not over 48 hours. 

The film specimen is placed in an Instron-type dynamometer working at a tensile rate of 

wlTTr, * S * CSSed UP 40 a d8fOnnati0n ° f 30% ' ™° ^gth is measured 

when me deformans of 30% is reached (maximum strength) and after 240 minutes from 

T TTT ° f30% b ^ (Stren8th 240 >« ™ e ~ ratio is defined as 

the ratio between residual strength 240 and maximum strength. 

Das: Detemuned according to ASTM method D 1709A. 

Haze.: Detemuned according to ASTM method D 1003. 

Bandjag test: the tapes prepared as described in tfc» , 

H P ««u as aesenbea m the examples are used to paHetfafae a 

resular shaoed tea H„„ frame. The frame size is 120n.Rnn.i-,,. . * . 

t. me banding test is 
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carried out by using a Roboband ZVH machine that also seals the two endings of the 
tapes. 

The^evaluated properties are resistance of the sealed tapes portion and banding step on 

The quality of sealing is determined by evaluating resistance at yielding or breakage of 
sealed tapes portion immediately after the sealing. 

The quality of banding step is deterrnined by evaluating toughness of tapes around the 



gglvmers used in the e^ pfe and comparative examp le 

- Ethylene-butyl acrylate copolymer, EBA copolymer: the content of recurring units 
derived from butyl acrylate is 6.5 wt%, the MFR "E" value is 0.3 g/10 min and the 
density is 0.923 g/mL; 

- Low density polyethylene, LDPE: the MFR "E" value is 0.3 g/10 min and the density is 
0.923 g/mL; 

- Very low density cthylene-octene-1 copolymer, VLDPE: the content of recurring units 
derived from octene-1 is 15.3 wt% (4.3 moI%), MFR «E» is 1 g/i 0 min and the density is 
0.912 g/mL. 

t 

Example 1 and nnm panit j ve E^ ampte 1 

A polymer blend is produced by extruding the proper components in a single screw type 
extruder (30 L/D screw length). Table 1 lists the polymers used and their relative amounts. 

Then, the thus obtained polymer blends are extruded trough a 40 mm grooved feed single 
screw extruder (KRC40), thus a tape is produced. 

The physical and mechanical properties of the films as well as the results of the banding 
test carried out on the tape are reported in Table 2. 

In comparison with the tape of the comparative example the tape according to the 
present invention exhibits both a good balance of mechanical properties, good transparency 
and good sealability. Resistance of the sealed tape is an indirect index of the sealability of 
the tape. The banding test shows that the tape according to the present invention only have 
those main properties that make a tape suitable for banding. 
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Components (wt%) 



EBA copolymer 
LDPE 
VLDPE 



Table 1 
Example 1 




33 



Comparative Example 1 



100 



Table 2 



Properties of the tape 



Average thickness, mm 



2% secant tensile modulus, Mpa 



MD tensile strength at 3QVc l \ N 



MD 



TD 



MD residual strength at 30% N 



MD residual strength at 30% /MD tensile strength at 30% 
ratio 



MD m 



udized residual strength at 30%, cN/um 



MD Elmendorf tear resistance, N 



MD/TD Elmendorf tear resistance ratio 



Dart, 



Haze, % 



Resistance of sealing tape portion 



Banding step on pallet 



0.065 



110 



117 



11 



0.545 



0.174 



570 
17 



excellent 
good 



Fwce ^u** to cause the stretching of 30% of a specimen of matoiaT 



Comparative 
Example 1 



0.085 



188 



199 



13 



0.454 



0.228 



162 
17" 



poor 
poor 
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CLAIMS 

An elastic film comprising a polymer blend (A) comprising (percent by weight)- 
© 50 to 70%, preferably 60 to 70%, of an ethylene polymer comprising an ester 
selected from (1) efcylenically unsaturated organic monomer of esters of 
unsaturated C 3 -C 20 monocarboxyUc acids and C, to monovalent aliphatic or 
ahcychc alcohols, and (2) vinyl esters of saturated C 2 -C H carboxylic acids 
wherein the comonomcr content ranging from 2.5 to 8 wt%, preferably 3 to 6 5 
~t%, based on the total weight of the final ethylene polymer; the ethylene 
polymer having a density ranging from 0.9 to 0.935 g/mL- and 
(ID 20 to 40%, preferably 30.40%, of an ethyfene-based polymer com P on e nt having 
a density ranging from 0.9 to 0.930 g/mL, preferably 0.910 to 0.925 g/mL, and a 
melt flow rate up to 4 ^0 min, preferably from 0.5 to 2 g/10 min; the said 
component being selected from: 

(i) a linear polyethylene (i) consisting of ethylene and 0.5 to 20% by mole of 
a CH 2 =CHR a-olefin, where R is a hydrocarbon radical having 2-8 
carbon atoms; and 

(ii) a polymer blend (ii) comprising'^) 80-100 parts by weight of a random 
mterpolymer of ethylene with at least ««„ nu^m _ 



is a hydrocarbon radical having 1-10 carbon atoms, me said polymer 
containing up to 20 mol% of CH*=CHR a-olefin and having a density 



parts 

CH 2 =CHR 



where R is a hydrocarbon radical having from 2 to 10 carbon atoms, and 



. . a »« mierpojymer (b) containing from 60 to 

98% by weight of units derived from propylene, from 2 to 40% by weight 
of recurring units derived from the CH 2 =CHR a-olefin, end from 0 to 
10% by weight of recurring units derived from ethylene, and having a 
xylene-insoluble fraction a room temperature greater than 70% 

said film having a ratio between the MD BImendorf tear resistance and TD Elmendorf 

tear resistance of 0.3 or less. 

2) The film of claim 1, wherein ethylene colvmer m „„ „*t. , , , 

poiymer (1) is an ethylene-butyl acrylate 
copolymer or ethylene-vinyl acetate copolymer. 

10 
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3) The film of claim 1 or 2, wherein ethylene polymer (i) has a wmonomer selected from 
butene-1, hexene-1, octene-1 and 4-methyi-l-pentene. 

4) The film of claim 1, wherein in polymer blend fii) polymer (a) is an efcylene-butene-1 
copolymer. 

5) The film of claim 1, wherein in polymer blend (ii) polymer (b) is a propylene^lhylene- 
butene-1 teipolymer. 

6) An elastic banding tape according to claims 1 to 5. 



11 
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ABSTRACT 

An elastic film comprising a polymer blend comprising 

I) 50 to 70% of an ethylene polymer comprising an ester selected from (1) ethylenicaUy 
unsaturated organic monomer of esters of unsaturated eye* monocarboxylic acids and 
C, to C24 monovalent aliphatic or alicyclic alcohols, and (2) vinyl esters of saturated C*- 
C„ carboxylic acids, wherein the comonomer content ranging from 2.5 to S wt% based 
on the total weight of the final ethylene polymer; the ethylene polymer having a density 
ranging from 0.9 to 0.935 g/mL; and 

H) 20 to 40% of an ethylene-based polymer component having a density ranging from 0.9 to 
0.930 g/mL and a melt flow rate up to 4 g/10 mm 

The film that has a ratio between the MD Elmendorf tear resistance and TD Elmendorf tear 
resistance of 0.3 or less, ate suitable for pallet application as banding tape. 
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